Risks 
I. INTRODUCTION AND RESEARCH AIMS
Construction of hydroelectric projects is usually more complicated and risky due to nature of different activities involved. Hydroelectric projects are categorized as complex structures and occupy a huge amount of funds with a long running construction period. This situation imposes various uncertainty factors such as differing site conditions, unpredicted geological structure at tunneling sites, seepage problem from dam, landslides and environmental issues. No construction project is totally risk free. Risk plays an important role in the success of any construction project. Risk can be defined as any action which will affect the achievement of project objectives, such as time and schedule, cost, quality of work. The core element of project success is in time completion, within specific budget and requisite performance. The construction phase is identified as a critical phase in hydro power projects where many unforeseen factors occur. Failure to manage project risks leads to major problems for the client such as completion time delays and cost overruns. Risk can be managed, minimized, shared, transferred or accepted. It cannot be ignored. In the literature a vast research has been done on risk analysis in construction projects but risk analysis and management in hydroelectric projects is very limited. In order to manage a project, risk management is an important step to make it successful. The purpose of risk management is to achieve the objectives of hydroelectric project in terms of time, cost, quality, safety and environmental sustainability. Risk management is a process of identifying, classifying, analyzing, assessing and controlling of risks in hydroelectric project. Hydro plants have become more vulnerable due to increase in frequency of natural disasters in recent times. Risk mitigation has therefore become more challenging. It applies to any project to evaluate the various risks involved in the construction of hydro-electric projects so that in future it will be beneficial for hydro-electric projects. The basic aim of this paper is to identify and classify risks according to their nature and potential consequence in hydro-electric power projects and to analyze and manage risks in hydro power projects.
II. BACKGROUND
An extensive research has been undertaken in the field of risk management in construction projects in the past and a limited research has been conducted in risk management in hydroelectric projects. Al-Bahar and Crandall (1990), used influence diagramming technique and Monte Carlo simulation to analyze and evaluate project risks. According to Akintoye and Macleod (1997) , formal risk analysis and management techniques are rarely used in construction industry due to lack of knowledge and doubts on the suitability of these techniques for construction industry activities. A critical literature review Barber (2005) , concludes that, internally generated risks arise within a project management team or its host organization, culture and decisions. Internally generated risks are important and require special attention and to be managed effectively. Kansal and Sharma (2012) , adopt risk significant index method for analyzing the risks. Author concludes that each risk assessment method has their limitations so this paper effort to device integrated risk assessment tools. Mahendra et al. (2013) 
III. RESEARCH METHODOLOGY
In this paper, at the outset, general focus has been made on the general concepts of project risk management. Literature provides the theoretical context about the project. The various risk factors involved in the construction of hydroelectric power projects are determined from literature review, telephonic conversations and from the past record of construction of hydroelectric projects and a questionnaire is designedand different risk factors were put into eight categories, with 12 risks related to financial problems, 21 related to construction, 6 related to environment, 11 related to socio-political risks, 11 related to management, 5 related to physical risks, 4 related to legal risks and 6 are technical risks. The questionnaire consisted of three sections. Section I consists information about the company profile and section II contains information about respondent. Section III carried a total of 76 risks associated with construction of hydroelectric projects and asked respondents to review and indicate the probability of these risks using five point scale ranging from 1 to 5 (rarely, sometimes, frequently, very frequently, mostly) and the level of impact on each project objective that would result in as very low, low, medium, high, and very high (1 to 5).To achieve the objectives of this paper, questionnaire was deemed to be the most helpful tool for collecting information. The general methodology of this study relies largely on the survey questionnaires, which were distributed through electronic mailing to 36 respondents (mainly people who work in hydroelectric projects who enjoy a leading role in planning and construction management, e.g., project managers, general managers, civil engineers) from government and construction companies in the defined area of study. Usable questionnaire were returned by 20 respondents consisting of 2 contract officers, 2 senior managers, 3 project managers, 4 construction managers, 9 engineers. Subsequently results from interviews and questionnaires are presented. Discussion is done on the results from the interview and then risks identified are analyzed and compared to theoretical framework. Finally the final recommendations are drawn up in the conclusion section.
A. Risk Management in Hydroelectric Projects
Risk management is an ongoing and iterative process which should be conducted throughout the lifecycle of a hydroelectric project. Risk management is a systematic way of identifying, analyzing and responding to risks to achieve the objectives of hydroelectric project in terms of time, cost, quality, safety and environmental sustainability. Risk management is probably the most difficult phase of project management. Managing risks in construction of hydroelectric projects has been recognized as a very important process in order to achieve project objectives. (Kansal and Sharma, 2012) . Identification of risks in hydroelectric projects relies mostly on questionnaire survey and past experience that should be used in upcoming projects.
B. Risk Analysis and Assessment
After the risks are identified they must be individually assessed as to their potential probability and consequence (Borge, 2001 ).Qualitative analysis of data for risk assessment can be done by risk assessment matrix and risk potential value method. Risk potential value method (A x B) is used to rank the risk exposure by assessing the subjective probability and impact of each risk event. Then risk exposures can be ranked in descending order in order to select the major risk events requiring further analysis. A simple probability and impact matrix for each risk event is developed. Risk exposure can be categorized into four main categories as low, medium, high and critical. Quantitative method of risk assessment is done for potentially high exposure risks, which are ranked after the risk qualitative analysis method. The choice of risk quantification techniques will depend upon the nature of risk under consideration. There are various techniques used for quantitative risk analysis such as: Decision tree and decision network analysis, Sensitivity analysis, expected monetary value (EMV), Scenario analysis, Probabilistic analysis (MCS) and PERT network analysis technique.
IV. RESULTS AND DISCUSSIONS
During construction of hydroelectric project, risks can result from many circumstances. Based on the data analyzed earlier, a total of 7 sources of risks in hydroelectric projects are identified and analyzed. Once the risk factors in hydroelectric project are determined, risk probability and risk impact can be calculated as shown in Table 1 . The risk assessment matrix illustrates a risk rating for individual risk factors in the identified risk categories. The risk assessment matrix shows the combination of probability and impact that in turn yield a risk priority (shown by red, orange, green and blue color). Risk with high probability and high impact such as C20 (Unpredicted geological structure C4, C6, C17, E1, E4, F10,  F11, M8, M9   C20, SP2, SP3   C2, C9, C12, C13, C15, E2,  E5, E6, F2, F6, F8, M1, M2,  M3, M4, M5, M6, M7, P1, P2,  P4, SP1, SP10, SP11, T1, T2,  T3, T4   C1, C3, C5,C7, C8, C10,  C11, C16, C18, C19, C21,  E3, F5, F7, M10, M11,  P3, SP4, T5,T6   F3, F4, L4, SP9  C14, F9, F12, L1, L2, L3, P5,  SP5, 
